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Animal population cycles are not a newly discovered 
phenomena . References to irruptions (sic, Leopold 
1933 p. 50) of small rodents can be found in the Old 
Testament, the writings of Aristotle and in European 
histories (Orr 1963 p. 360). The wildlife literature is 
filled with descriptions and studies of the population 
fluctuations of numerous species . Despite the vast 
amounts of data collected and speculation engaged in, 
biologists only partially understand the reasons for 
these fluctuations (Archibald 1977, Chitty 1952, 
Christian 1950, Cole 1951, Frank 1957, Hoffman 1958 
Swinton 1883 and many others). ' 
Most biologists agree that, regardless of the causes, 
wildlife populations fluctuate in a cyclic manner at 
somewhat predictable intervals. This paper addresses 
some of the implications that these cycles have for 
wildlife damage control. 
An annual cycle is exhibited by all species that repro-
duce seasonally. During the reproductive period, 
natality normally exceeds mortality and the popula-
tion increases. When reproduction ceases, mortality 
exceeds recruitment and the population declines until 
the next breeding season. A population change of 2 to 
5 fold is not uncommon during an average animal 
cycle . Factors which affect this pattern include immi-
gration, emigration, adverse weather and habitat 
disruption. The cycle is most pronounced in species 
which produce only one litter of young per year 
(Rowan 1954). Those species which produce multiple 
litters during a prolonged breeding season or breed 
year-round also exhibit periods of increase and decline 
but they are less conspicuous than those of seasonal 
breeders (Blair 1940). 
A short-term cycle, of about 3 years duration. is com-
mon in wild rodents . Typically, reproduction exceeds 
mortality through 2-3, sometimes more annual cvcles 
until the population reaches a peak fro~ which it. 
abruptly declines to a very low level. The cycle is then 
repeated. Occasionally, environmental conditions 
favor high reproduction accompanied by low mortality 
and the population increases to plague levels (Frank 
1?57, Siivonen 1948, 1954). Such irruptions can be 
difficult to predict and result in brief (usually one 
season) periods of intense impact on crops and native 
habitat. 
The long-term cycle extends over approximately 10 
rears . This cycle is characterized by a slow population 
increase over 4-5 years followed by 3-4 years of rapid 
increase and then 1-2 years of sharp decline. During a 
cycle, the population may increase to 100 times its 
lowest level (Rowan 1954, Griffiths, unpublished). 
The cause(s) of the 10-year cycle are not understood 
although many of its characteristics are well docu-
me~ted (Siivonen 1948 and others) . Attempts to ex-
pl~m cycles have led biologists to look for relationships 
between cycles and such things as sunspots and solar 
tide (Balser pers. comm., Swinton 1883) moonrise 
(Archibald 1977) and random numbers (Cole 1951). 
Evidence has been found linking cycles to stress 
(Christian 1950, Chitty 1952) reproduction and juve-
nile survival (Green and Evans 1940, Hoffman 1958) 
weather (McKay and Verts 1978, Meslow and Keith 
1971) disease (Green et al. 1939, MacLulich 1937, 
Murray 1967) food depletion (Cengal and Kirkpatrick 
1978, Vaughn and Keith 1981) and predation (Lack 
1954, Wagner and Stoddart 1972, Pease et al. 1979). 
The most conspicuous long-term cyclic species are the 
muskrat, arctic and snowshoe hares.jackrabbits, 
forest and prairie grouse, and their predators: foxes, 
coyotes, hawks and owls. These species tend to reach 
thei~ peaks an? lows at about the same time over large 
portions of their range; the predators lagging 1-2 years 
behind their prey (Errington 1954, Rowan 1954, Todd 
et al. 1981, Brand and Keith 1979, Todd and Keith 
1983, Hoffman 1958, Wagner and Stoddart 1972, 
Rusch et al. 1972). 
Short-term cyclic species include voles, lemmings, 
other small rodents and their avian predators 
(Siivonen 1948, Baker and Brooks 198 ll Small rodent 
populations may fluctuate independently of each 
other, with one species being abundant when another 
is scarce ( Lack 1954, Wood 1965 l often resulting in a 
somewhat constant total biomass on a given area . 
Sometimes rodent peaks coincide with those of a larger 
prey species, to the benefit of the predator that feeds on 
both species (Rowan 1954). 
Disease is commonly believed; by laymen, to cause the 
abrupt decline which follows a population peak . 
Although disease may play an important role in some 
· rodents (Murray 1967), it has not been identified as 
the principal cause of population declines in most 
species. However, disease is undoubtedly a contrib-
1 The opinions or assertions contained herein are the private views of the author and are not to be 
construed as reflecting the views of the Department of the Army or the Department of Defense . 
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uting factor in the decline of populations under stress 
from other factors associated with high densities 
(Lack 1954). 
High animal populations provide a favorable envi-
ronment for disease transmission and can lead to a 
buildup of parasites (and disease vectors) in the hosts 
habitat . When a parasite is the vector for a disease 
affecting humans , the high animal population is 
viewed as a threat to human heal th , especially if the 
host population is suddenly decimated (Murray 1967, 
Harrison 1956). rabies may pose a threat to humans 
and domestic animals when wild canid, or other pred-
ator populations are high (Rausch 1958). Interest-
ingly, seasonal fluc tuations have been observed in 
numbers of parasites as well as in their host species 
(Miller et al. 1977, Muul et al. 1973) . 
During the low point in a cycle, the cyclic species is 
found only in its most favorable habitat and may be so 
scarce as to be almost undetectable . As a population 
increases, individuals disperse into less favorable 
habitat and even into normally untenable habitat 
(Griffiths, unpublished) . Greater competition for food, 
shelter and breeding partners requires the expendi-
ture of more time and energy in filling these needs as 
the population increases . At peak densities, individ-
uals may be active at all hours of the day and far from 
their usual haunts (Griffiths, unpublished). In some 
species, fighting becomes more frequent as the popula-
tion density increases (Chitty 1952). Juvenile survival 
also declines due to intraspecific friction (Chitty 1952, 
Ozoga et al. 1982). 
When populations are low and the habitat is favorable, 
reproduction is characterized by a long (relatively) 
breeding season, large litters and juvenile breeding . 
As the population increases , the breeding seasons 
become successivel y shorter, fewer and smaller litters 
are born and juvenile breeding ceases . During a popu-
lation decline, the breeding season is short , litters are 
small and fewer in number , and juvenile survival may 
be lower. An increasing population contains a high 
proportion of juveniles in the fall, while the reverse is 
often true during a decline (Griffiths unpublished, 
Todd and Keith 1983, Brand and Keith 1979). Con-
tinuous, accurate monitoring of these indicators can 
facilitate population trend predictions. 
High populations of species such as voles, hares , and 
even grouse place heavy demands on vegetation 
(Rowan 1954). In some situations, the animals may 
deplete vegetation to the point that the habitat can no 
longer support them (Pease et al. 1979 , Vaughn and 
Keith 1981). However, this is not always the case 
(Clark and Innis 1982). 
Predators respond to a growing prey base with larger 
litters and in increased pregnancy rate among adults 
and juvenile mammals and larger clutches in raptors 
(Clark 1972, Rusch et al. 1972) . Unfortunately , preda-
tors are unable to monitor their prey and are still pro-
ducing large litters when the prey begins to decline 
(Brand and Keith 1979, Todd and Keith 1983, Clark 
1972). The high predator population puts heavy 
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pressure on the prey (and its alternates) and may 
hasten the decline of the prey (Wagner and Stoddart 
1972). The result is often a large number of predators 
which must turn to an alternate prey such as livestock 
(or livestock carrion) in order to survive (Todd et al. 
1981). 
Wildlife damage varies with season and population 
levels . The annual cycle in herbivores coincides with 
the growth and maturation of the vegetation they feed 
on; predator cycles correspond to the annual and long-
term fluctuations of their prey (Blair 1940, Knowlton 
1972). The greatest damage to annual crops by 
wildlife usually occurs at the peak of the annual cycle, 
(midsummer to early fall) when most of the annual 
investment (money and labor) in the crop has already 
been made and the crop is unlikely to recover from 
severe damage before the end of the growing season . 
Protection of annual crops from high pest populations 
should occur early in the growing season, usually 
before damage reaches its peak, if economic loss is to 
be minimized. 
Locally severe depredations on livestock may occur in 
the spring when young animals (and fowl) are most 
vulnerable and the predators are struggling to meet 
the nutritional demands of their own young (Knowlton 
1972). As the juvenile predators mature, demands on 
the prey base increase . [n years of poor reproduction 
and high predation, the prey population may be 
depressed to a level which makes hunting that species 
impractical, thus causing the predator to seek 
alternate prey (Todd and Keith 1983). Conflict 
between man and predator arises when the alternate 
prey is livestock . 
Damage to perennial crops, shrubs, orchards and 
forest regeneration is usually greatest during the fall 
and winter dormant period, when available wildlife 
foods are most limited (Parker 1941) . The damage is 
often greatest when hare and rodent populations are 
high (Oxford University 1937) although exceptions 
have been reported (Parker 1941). 
In addition to following the annual cycle, wildlife 
damage also fluctuates with the longer cycles . 
Damage is seldom a problem when populations are 
low. During peak years , damage may become severe 
and require frequent, intensive control efforts to 
prevent destruction of the affected crop . 
Weather is often a factor in wildlife damage . If wild -
life populations are high , damage increases markedly 
during a dry growing season but damage to crops is 
reduced during years when native forage is readily 
available . While jackrabbits may or may not increase 
in actual numbers during dry years , they concentrate 
on croplands and appear to be more numerous (Tie-
meier 1965) . During a hard winter, hungry wildlife 
may cause locally severe damage to woody vegetation 
and stored crops, whereas damage tends to be light 
during a mild winter even though the damaging spe-
cies is abundant. However , high survival as a result of 
a mild winter also means more animals available to 
cause damage during the next growing season . Abun-
dant food supplies as a result of favorable growing 
conditions promoted fall breeding and a high rodent 
population the following spring in Michigan (Jameson 
1955). Weather can enhance or suppress breeding and 
juvenile survival in rabbits and hares (Meslow and 
Keith 1971, McKay and Verts 1978, Jacobs and Dixon 
1981). An extremely dry summer in Utah may have 
caused an early fall dispersal of black bear cubs be-
yond their normal habitat (Fair 1978). 
Although birds are able to move more readily than 
mammals, both respond to changes in habitat and food 
availability . Concentrations ofraptors are not uncom-
mon on areas where rodent or lagomorph populations 
are high (Baker and Brooks 1981). Seasonal move-
ment of waterfowl and blackbirds often results in con-
centrations of these species on ripening crops in late 
summer and early fall (Boudreau 1967). Problems 
associated with fall-winter concentrations include 
blackbird roosts in urban areas (Good 1978) and deer 
(and elk) damage to haystacks , nursery stock and 
forest plantings during periods of heavy snow (Nielsen 
et al. 1982, Wilkins 1957). 
Several features of wildlife cycles are important to 
damage control planning . Animal numbers normally 
reach their lowest levels in late winter . During this 
period, just prior to planting most crops or turning 
livestock onto pasture, animals are stressed by low 
food availability and the energy demands ofreproduc-
tion . Control at this time, before the young have been 
produced or become self-sufficient removes not on_ly 
those adults remaining after the normal fall-winter 
mortality, but also the young those adults might have 
produced. The net effect is a reduction in the number 
of animals available to cause damage later in the year 
(Knowlton 1972) . It is also possible that late-winter 
control of a rising population over a broad area could 
delay a peak or prolong it. 
Although bait acceptance during late-winter should be 
excellent due to a lack of competing food, the target 
population will be dispersed throughout its habitat 
making effective bait placement a challenge . One of 
the problems associated with the use of baits contain-
ing a reproductive inhibitor has been getting the 
chemical into enough of the breeding population to 
significantly suppress reproduction (Linhart et al. 
1958). It is also difficult to justify control during a 
period oflittle or no damage unless the wildlife 
manager can show that it will prevent future losses 
(Spitz 1978). 
From late spring through the summer is often a time of 
abundance; abundant growing vegetation, birds and 
animals. It can also be a time of abundant damage . 
The annual population peak is reached when the last 
litter of the season is born although the visible peak in 
the population does not occur until later in the year 
when the adults and their young concentrate on un-
harvested crops and crop stubble . When pest popula-
tions are low and rainfall adequate, w,ildlife damage is 
seldom serious. However, when poor growing condi-
tions coincide with a population peak, the loss to 
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wildlife combined with reduced production often 
brings loud demands for relief. The readily available 
native vegetation and growing crops (young livestock 
for predators) are usually more attractive than toxic 
baits. Effective damage control during this period 
depends on careful selection of attractive bait mate-
rials and proper bait placement . The preferred food or 
crop may not be the best bait (Griffiths unpublished) . 
Population control of multiple litter species during the 
summer may require frequent repetition as the 
animals removed are rapidly replaced by the young 
from subsequent litters and by dispersing juveniles 
from adjacent non-control areas. In some situations, 
rapid carcass disposal must be effected to control the 
potential odor, fly and other problems associated with 
large numbers of dead animals . 
From late summer into winter is a time of dispersal for 
the current year's juveniles . This large segment of the 
fall population is extremely susceptible to all forms of 
mortality as it moves into unfamiliar territory <Bow-
man and Robel 1977 , Knowlton 1972). Although con-
trol at this time may result in a high kill, it is probably 
justified only to prevent immediate economic loss . The 
adults ofshortlived species are reaching the end of 
their lifespan ; natural and human induced mortality 
(without control) will reduce the population to the 
spring low. Control may be warranted to protect 
perennial vegetation or stored crops such as hay, 
especially from a species which is in the increase phase 
of its cycle . Bait acceptance during the fall dispersal is 
still affected by the availability of natural foods but is 
generally better than during the summer months . 
Following fall dispersal (and mortality) , animals 
establish themselves on the territories or home ranges 
they will occupy during the coming reproductive sea-
son . At this time populations have declined to their 
annual low, but survival of the remaining individuals 
is relatively high barring extreme weather or food 
complications . Bait acceptance during the winter 
months is generally good and control at this time 
depresses the populations reproductive potential 
during the coming spring . 
In addition to annual cycles, many species have longer 
cycles that span from 3 to 11 annual cycles . During 
the cycle lows , damage levels are usually negligible, 
even at the mid-summer peak . This is in sharp con-
trast to peak populations which may cause significant 
damage year-round . Seasonal vulnerability and bait 
acceptance follow the annual pattern. However, the 
competition for food at high densities tends to increase 
bait acceptance. 
In addition to annual and longer cycles, weather 
effects, and seasonal damage, economics should also 
be a factor in wildlife damage control planning. The 
"economic threshold" in wildlife damage control is the 
degree of damage which justifies control. Below this 
threshold, the cost of controlling a problem animal 
exceeds the probable loss that animal could cause and 
control is not economically justifiable . When losses 
exceed the threshold , control results in economic 
benefit . The economic threshold may not be applicable 
to situations where aesthetic or public health concerns 
are the predominate reason for control. 
Prediction or forecasting of damage is based on deter -
mining when pest populations will reach a level at 
which control becomes necessary in order to prevent 
economic loss . Control is difficult to justify when a 
population is very low but it may be imperative when 
the population reaches its peak . Accurate prediction of 
population trends can help wildlife managers reduce 
unnecessary control efforts when populations are low 
and allow them to plan in advance for the control 
needed during population peaks. In today's socio-
political climate, control without a knowledge of 
damage potential is difficult to justify . 
One feature of the long-term cycle is its predictability. 
By monitoring the population trends of a long-term 
species , it is possible to predict damage as much as 3-5 
years in advance . This knowledge makes it possible to 
plan for control measures well in advance of the actual 
need. Species such as voles which follow a shorter (3-4 
year) cycle are less easy to predict. Local weather and 
agricultural practices may affect reproduction and 
survival enough to suppress or prolong a population 
peak. Prediction is still practical, but it needs to be 
based on the local situation (Jackson 1978, Frank 
1957, Spitz 1978). 
The population monitoring method chosen should be 
simple, reliable and repeatable from year to year . 
Standardized damage measurement procedures can be 
developed to determine the economic threshold for 
various wildlife damage stiuations ( DeGrazio 1969). 
Periodic sampling of population trends by non-capture 
census methods or by changes in hunting and trap 
success is commonly used to monitor many species. 
Data from captured animals such a pregnancy rate, 
litter size, breeding season length and adulUjuvenile 
ratios can also be used to determine trends . Efforts to 
develop means of forecasting wildlife population 
trends as an aid in damage prediction and control have 
been underway for many years in Russia and more 
recently in European countries (WHO 1974, Spitz 
1978). 
Monitoring requires sampling during those periods or 
seasons when the appropriate data may be collected . 
Ideally, accurate damage predictions should be avail-
able before the growing season. Unfortunately, the 
optimum sampling period may not occur at a conven-
ient time for predicting or preventing damage , i.e., 
before the damage occurs, as the reproductive season 
coincides with the growing season. 
Long-term monitoring of such indicators as age ratios 
and reproductive parameters will often reveal patterns 
which, when compared over time , enable prediction of 
cyclic highs and the associated wildlife damage before 
it occurs. The development of a continuous monitoring 
program with a sound data base can enable a wildlife 
manager to predict damage and plan control with a 
greater degree of confidence than has existed in the 
past . Until this occurs, we may have to make our 
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predictions based on less accurate data in order to 
provide the advance warning needed for effective 
control preparation (Spitz 1978, Jackson 1978). 
Preventive control is most effective against long-cycle 
species where damage can be forecast well in advance 
of its occurrence. When this is possible, nonlethal con-
trols such as physical barriers, repellents, habitat 
modification (Jackson 1978) and planting ofresistant 
crops may be employed. Pre-damage population re-
duction by hunting or the use of toxicants is useful to 
keep some cyclic wildlife species below economically 
significant levels . Advance knowledge of potential 
damage is helpful in scheduling the procurement of 
toxicants, baits , personnel, or chemical registration 
that may be needed for damage control. 
Seasonal control is applied during the actual damage 
season, most commonly for those species that are a 
problem only during part of the year and may not need 
to be controlled on a year-round basis. Knowledge of 
population trends is desirable for predicting the 
amount of control and control materials that may be 
needed. Neither seasonal nor preventive control 
should be employed unless damage can reasonably be 
expected to exceed the economic threshold. 
Migratory species, usually avian, cause seasonal dam-
age . However, they are often beyond the reach of prac-
tical (or legal) control methods outside of the damage 
season. Damage can be reduced by altering the period 
of prey or crop availability . Since migrant bird dam-
age is highly seasonal and dependent on crop matur-
ity, early or late maturing crops may be unattractive 
or unavailable to the migrants when they arrive on the 
area . Preventive controls for migratory mammals 
include barriers and repellents . Although migrant 
population levels during the damage season may be 
difficult to predict, the damage period remains fairly 
constant and predictable . 
Some of our most serious wildlife damage problems 
have resulted from the introduction of exotic (non-
native) species into new environments which lack the 
restraints on population growth that are found in the 
species' native habitat . Once established, the intro-
duced species tends to increase rapidly, often displac-
ing native wildlife and altering the vegetative com-
plex , until it reaches or even exceeds the carrying 
capacity of the habitat . Following this initial surge , 
(and the discovery of its damage potential) the exotic 
species declines to a "normal" population level and 
develops a cyclic pattern in harmony with its new 
environment (Lewin 1971, Howard 1964). 
As the exotic species expands into suitable habitats 
from its point of introduction, it follows this pattern of 
rapidly increasing to plague levels and then declining 
to a more or less stable population level. Demand for 
control is extremely high during the initial irruption 
phase of the invasion but declines as the pest and its 
environment return to equilibrium and humans learn 
to live with the invader (McNeil 1962) . 
Continuous control methods research is necessary if 
biologists are to keep up with changes in land use, 
toxicant resistance and environmental constraints on 
toxicant use . Since all pest wildlife is cyclic to some 
degree, both annually and over longer periods , it is 
important for researchers to be aware of these cycles 
when evaluating test results . 
The degree of population reduction and/or damage 
control achieved in a given test can vary seasonally 
from year to year (Matschke et al. 1982, Stehn et al. 
1980). Any tests of control methods should incorporate 
replications of both the treatment and control within 
the same habitat and season . Multiple replications are 
even more important when comparisons between sea-
sons or even years are made , since nonexperimental 
var iables such as population cycles may make it 
almost impossible to draw valid conclusions. 
A knowledge and awareness of cycles is an important 
part of integrated pest management . Since most pest 
populations are cyclic, monitoring population trends 
makes it possible to predict damage and plan appro-
priate control measures . Monitoring is necessary for 
pred icting when damage will exceed the economic 
threshold and for scheduling effective preventive 
control. 
Control should be initiated.when the cyclic trends indi -
cate that it will be necessary to prevent economically 
unacceptable damage . It should be timed, whenever 
practical , to ta ke advan tage of a species most vulner-
able period s. Control during the fall disper sal is usu -
ally unneces sa r y a nd uneconomical. When cycles are 
accounted for in control planning, the planning is 
simplified. 
REFERENCES 
Archibald, H .L. 1977. Is the 10-year wildlife cycle 
induced by a lunar cycle? Wild!. Soc. Bull. 5126 -
129. 
Baker , J .A. and R.J. Brooks. 1981. Raptor and vole 
·populations at an airport . J . Wild!. Manage . 
45(2) :390-396 . 
Blair, W.F . 1940 . A study of prairie deer-mouse 
poulations in southern .Michigan . Amer . Midland 
Nat . 24:373-305. 
Boudreau, G.W. 1967 . Blackbird behavior . Proc . 3rd 
Vert . Pest . Conf. , San Francisco , CA . 57-60. 
Bowman, T.J . and R.J . Robel. 1977. Brood break-up , 
dispersal, mobility and mortalit y of juv enile 
prairie chickens . J . Wild!. Manage . 41(1):27-34 . 
Brand , C.J . and L.B. Keith. 1979 . Lynx demography 
during a snowshoe hare decline in Alberta . J . 
Wild!. Manage. 43(4):827-49. 
Cengal , D.J ., J .E. Estep and R.L . Kirkpatrick. 1978 . 
Pine vole reproduction in relation to food habits 
and body fat . J . Wild!. Manage . 42(4) :822-33. 
Chitty , D. 1952. Mortality among voles ( Microtus 
agr estis ) at La ke Vyrnwy , Montgomeryshire in 
285 
1936-9. Phil. Trans . Royal. Soc. London ., 
8236:505-552. 
Christian, J.J . 1950. The adreno -pituitary system and 
population cycles in mammals . J . .Mammal. 
31:247-59 . 
Clark, W.R. and G.S. Innis . 1982. Forage interactions 
and black-tailed jackrabbit population dynamics : a 
simulation model. J . Wild!. Manage. 46(4) :1018-
1035. 
Clark, F .W. 1972 . Influence of jackrabbit density on 
coyote population change. J. Wild!. Manage . 
36(2):343-56. 
Cole, L.C . 1951. Population cycles and random 
oscillations. J. Wild!. Manage. 15(33) :233-52 . 
DeGrazio, J.W., J .F . Besser , J .L. Guarino, C.M . 
Loveless, andJ .L. Oldemeyer . 1969. A method for 
appraising blackbird damage to corn. J . Wild!. 
Manage . 33(4) :998-94 . 
Errington , P . L. 1954 . On the hazards of over -
emphasizing numerical fluctuations in s tudies of 
"cyclic" phenomena in muskrat populations. ,J. 
Wild!. Manage. 18(1) :66-90 
Fair , J .S. 1978. Unusual disper sal of black bear cub s 
in Utah . ,J. Wild!. Manage . 42(3) :642 -44 . 
Frank , F . 1957. The casuality of micro tine cycles in 
Germany . J . Wild!. Manage. 21(2) 113-21. 
Good, H.B. and D.M. Johnson . 1978. ~on -lethal 
blackbird roost control. Pest Control 46(9) : 14-18 . 
Green, R.G., C.L. Larsen and J.F . Bell. 1939 . Shock 
disease as the cause of the periodic decimation of 
the snowshoe hare. Am. J . of Hygiene 
30(3) :83-102 . 
Green, R.G . and C.A . Evans. 1940 . Studies on a 
population cycle of snowshoe hares on the Lake 
Alexander area. J . Wild!. Manage. 4:347 -58. 
Griffiths, R.E. Jackrabbit cycles and crop damage in 
the West : prediction and prevention . 
Harrison, J .L. 1956 . The effect of withdrawal of the 
host of populations ofTrambiculid mites . Bull. 
Railes Mus . 28 :112-19. 
Howard, W.E 1964. Introduced browsing ma mmals 
and habitat stability in New Zealand .. J. Wildl. 
Manage . 28(3) :421-29 . 
Hoffman , R.S . 1958. The role of predator s in "cyclic" 
declines of grouse populations. J . Wild!. Manage . 
22(3) :317-18 . 
,Jackson, W.B. 1978. Rodent management : the 
man/environment interface . Pages 203-206 in 
D.P . Snyder, ed . Populations of small mammals 
under natural conditions, Vol. V., Pymaturing 
Lab . of Ecol., Spec . Pub!. Ser ., university of 
Pittsburgh , Pittsburgh, PA . 
Jacobs, D. and K.R. Dixon . 1981. Breeding-season 
precipitation and the harvest of cottontails . J . 
Wild!. Manage . 45(4) :1011-1014. 
Jameson,E .W.,Jr. 1955. Somefactorsaffecting 
fluctuations of Microtus and Perom y scu s . . J. 
Mamm . 36 :206-209 . 
KnowltJn, F.F. 1972. Preliminary interpretations of 
coyote populations mechanics with some manage -
ment implications . J . Wild!. Mgt . 36(2) :369-81. 
Lack, D. 1954. Cyclic mortality . J . Wild!. Manage . 
18(1):25-37 . 
Leopold, A. 1933. Game management. Charles 
Sch , ibner's Sons , New York, NY. 481 pp. 
Lewin, V. 1971. Exotic game birds of the Puu 
Wa awaa Ranch , Hawaii . J . Wild!. Manage . 
35( ): 141-54. 
Linhar t, S.B ., H.H . Brusman and D.S. Balser . 1968. 
Fie ld evaluation of an antifertility agent, 
stilbesterol, for inhibiting coyote reproduction. 
Tra:is . North Am. Wild!. Nat . Resour . Conf. 
33:316-327 . 
:vtacLul'ch, D.A. 1937. Fluctuations in the numbers of 
var ying hare (Lepus americanus) . Univ. Toronto 
Stu dies Biol. Ser . 43 :1-136. 
:vtatschke, G.H., K.A . Fagerstone, N.D. Halstead, G.K. 
LaVoie and D.L. Otis . 1982. Population reduction 
of Richardson's ground squirrels with zinc phos -
phide. J. Wild!. Manage . 46(3):671 -77 . 
:vtcKay, D.O. and B.J. Verts . 1978. Estimates of some 
attr ibutes of a population of~ uttal's cottontails . 
.J. Wild!. Manage . 42(1):159-68 . 
:vlcN eil , R.J . 1962. Population dynamics and 
economic impact of deer in southern Michigan . 
:vlic:-i. Dep. Conserv ., Game Div. Rep . 2395 . 
:vleslow. E.C . and L.B. Keith. 1971. A correlation 
ana :ysis of weather versus snowshoe hare popula-
tion parameters. J . Wild!. Manage . 35(1) :1-15. 
:vtiller , B.C., J .W. Edwards, W.F . Bennett, G.N . 
Gra vesandJ .W. Wheeler . 1977. Field studies of 
syst emic insecticides III. Evaluation ofphoxim for 
control of fleas on kangaroo rats and associated 
species . J. Med. Entomol. 14(3):263-69. 
:vluul, I., L.F . Yap and B.L. Lim. 1973. Ecological dis-
trib ution of blood parasites in some arboreal 
rodents . Southeast Asian J . Trop . Med. Pub!. Hlth . 
4(3) 377-81. 
Murray . K.F . 1967. The current status of plague in 
Cal ifornia . 3rd Vert. Pest. Conf. San Francisco , 
CA. 15-18. 
:'-Tielsen . D.G., M.J . Dunlap and K. V. :vii lier . 1982. 
Pre -rut rubbing by white -tailed bucks : nurser y 
damage, social role and management options . 
Wild!. Soc. Bull. 10:341-48 . 
Orr , R.T. 1963. Vertebrate Biology . W .B. Sanders Co. 
Phi la., PA. 400 pp . 
Oxford University . 1937. Bureau of animal popula-
tion 1936-1937 Annual Report. Oxford, England. 
Ozoga , J.J. , L.J . Verme and C.S. Bienz . 1982. 
Par turition behavior and territoriality in white -
tail ed deer: impact on neonatal mortality . J. 
Wild!. Manage . 46(1) : 1-11. 
Parker , L.A. 1941. Factors causing rodent damage to 
tree plantations in southeastern Minnesota . J. 
Wild!. :vtanage . 5(3):297-303 
286 
Pease , J.L ., R.H. Vowles and L.B. Keith. 1979 . Inter-
action of snowshoe hares and woody vegetation . J . 
Wild!. Manage. 43(1):43 -60. 
Rau sch , R. 1958. Some observations on rabies in 
Alaska with special reference to wild canidae. J. 
Wild!. Manage . 22(3) :246-260. 
Rowan , W. 1953. Reflections on the biology of animal 
cycles . J . Wild!. Manage. 18(1):52-60 . 
Rusch, D.H. , E.C. Meslow , P.O . Doerr and L.B. Keith. 
1972. Response of great horned owl populations to 
changing prey densities . J. Wild!. Manage . 
36(2):282-296 . 
Siivonen, L. 1948. Structure of short-cyclic fluctua-
tions in numbers of mammals and birds in the 
northern parts of the northern hemisphere . 
Finnish Foundation for Game Preservation, 
Papers on Game Research No. 1, Helsinki . 
-- 1954. Some essential features of short-term 
population fluctuations . J . Wild!. Manage . 
18(1):38-45 . 
Spitz, F . 1978. Population modeling as aid to rodent 
control in the field . 8th Vert . Pest. Conf., 
Sacramento, CA. 44-46 . 
Stehn , R.A., E.A. Johnson , and M.E . Richmond . 1980 . 
An antibiotic rodenticide for pine voles in 
orchards . J . Wild!. Manage . 44( 1 ):275-80 . 
Swinton, A.H . 1883. Data obtained from solar physics 
and earthquake commotions applied to elucidate 
locust multiplication and migration . Report U .S. 
Ent . Comm. 3:65-85 . 
Tiemeier , O.W. 1965. The black -tailed jackrabbit in 
Kansas, Part 1 Bionomics . Kansas Agr . Exp . Sta . 
Tech . Bull. 140:5-37 . 
Todd , A.W ., L.B. Keith and C.A. Fischer . 1981. 
Population ecology of coyotes during fluctuation of 
snowshoe hares . J . Wild!. Manage . 45(3) :629-40. 
Todd , A.W. and L.B. Keith . 1981. Coyote demography 
during a snowshoe hare decline in Alberta . J . 
Wild!. Manage . 47(2) :394-404 . 
Vaughn, M.R. and L.B. Keith . 1981. Demographic 
response of experimental snowshoe hare popula-
tions to overwinter food shortage . J . Wild!. 
Manage . 45(2) :354-380 . 
Wagner , F.H . and L.C. Stoddart . 1972 . Influence of 
coyote predation on blacktailedjackrabbit popu -
lations in Utah. J . Wild!. .Manage . 36(2) :329-42 . 
W.H.O. 1974. Ecologyandcontrolofrodentsofpublic 
hea lth importance , report of a W.H .O. scientific 
group . W.H.O. Tech . Rep. Ser. No . 553 :19-20 , 33. 
Wilkins, B.T. 1957. Range use, food habits and agri-
cultural relationships of the mule deer , Bridger 
Mountains , Montana . J . Wild!. Manage . 
21(3): 159-69 . 
Wood, J .E. 1965. Response of rodent populations to 
controls . J. Wild!. Manage . 29(30 :425-38 . 
